The purpose of this research was to elucidate the relationship between tonsillar hypertrophy and Obstructive Sleep Apnea Syndrome (OSAS) in terms of cephalometric analysis, as well as to determine factors that affect OSAS severity. 25 patients were enrolled in this study. Lateral cephalograms of the subjects were taken. Disease severity was evaluated by the Apnea Hypopnea Index (AHI). Cephalometric measurements (angle between line S-N and line N-A (SNA), angle between line S-N and line N-B (SNB), distance between the Mandibular Plane and the Hyoid (MPH), posterior airway space, the width of the airway behind the base of tongue along the B-Go line (PAS), upper airway space, the distance parallel to long axis of the airway, between a horizontal plane tangent to the superior aspect of the hyoid and a horizontal plane tangent to the posterior palate (UAL), multiplication of PAS and UAL (PAS × UAL)) were analyzed and compared between the groups with and without tonsillar hypertrophy. PAS and PAS × UAL were lower in the no hypertrophy group. SNB was significantly lower in the severe apnea group than mild to moderate group in no hypertrophy group (p = 0.035). In conclusion, patients with tonsillar hypertrophy had severe obstruction, but they had a relatively larger pharyngeal space on cephalometric analysis. After exclusion of the tonsillar hypertrophy group, cephalometric analysis could be more effective for analyzing OSAS severity.
Introduction
Obstructive Sleep Apnea Syndrome (OSAS) is a potentially life-threatening disorder caused by repetitive nar-* Corresponding author.
rowing and occlusion of the upper airway during sleep, and it has been associated with loud snoring and apnea. OSAS is considered to be a risk factor for hypertension, ischemic myocardial diseases, and cerebral vascular diseases [1] [2] , and it is also considered to be a cause of traffic accidents due to daytime sleepiness [3] [4] . Especially in our company, which has many railway employees, if apnea symptoms were to happen during work hours, a serious disaster could occur.
Cephalometric analysis has been used by many authors to evaluate the severity of OSAS [5] - [9] . However, there are only some data on the relationship between OSAS severity and cephalometric analysis. Furthermore, tonsillar hypertrophy is one of the main causes of OSAS, but hypertrophy was not considered in the cephalometric analyses of many reports. In this study, the focus was on tonsillar hypertrophy, and the patients were divided into two groups, with and without tonsillar hypertrophy.
The aim of the present investigation is to study the relation between tonsillar hypertrophy and cephalometric analyses and efficacy of cephalometric analyses for OSAS severity.
Materials and Methods

1)
Patients who were suspected to have obstructive sleep apnea syndrome (OSAS) based on a medical examination referring to International Classification of Sleep Disorders-Third Edition (ICSD-3) [10] referred at our company were the subjects of this study. This study was performed form Apr 2010 to Mar 2011.
The OSAS examination included the Epworth sleepiness scale (ESS) [11] and arterial oxygen saturation measured overnight with pulse oximetry. Patients who were suspected to have OSAS underwent polysomnography (PSG). After PSG, patients with an apnea hypopnea index (AHI) ≥ 5 were diagnosed as having OSAS and referred to our department using International Classification of Sleep Disorders-Third Edition (ICSD-3). Twenty-five patients were enrolled in the study and assigned to two groups based on the presence or absence of tonsillar hypertrophy on examination using Friedman's palatine tonsil grading [12] ; patients over grade III were assigned to the tonsillar hypertrophy group.
And all patient's background data including age, sex and mean AHI were recorded.
2) Cephalometric analyses Lateral cephalograms of the subjects were taken with the Frankfort horizontal plane (FH plane) parallel to the floor and with the patient in centric occlusion. The cephalograms were traced to identify hard and soft tissue landmarks (Figure 1) . The measuring points were digitized as two-dimensional coordinate values for calculation by a free software program (DentEd, Numata Clinic, Sendai, Japan).
3) Statistical analysis Patients' background characteristics included age and BMI. Severity of disease was evaluated using the AHI from International Classification of Sleep Disorders-Third Edition (ICSD-3) as follows.
Mild: AHI 5 -15. Moderate: AHI 15 -30. Severe: AHI more than 30. The SNA, SNB, MPH, PAS, UAL, and PAS × UAL values of cephalometric analysis were compared ( Figure  1 ). These data were compared by the Mann-Whitney U test. All statistical analyses were carried out with SPSS for Windows, version 10 (SPSS Inc., Chicago, IL, USA).
Results
1) Overall analysis
The data of all 25 patients are shown in Table 1 . All patients were male. The patients were divided into two groups based on the AHI score (<30 and ≥30). An AHI score of <30 indicates mild and moderate OSAS, while an AHI score of ≥30 indicates severe OSAS.
In terms of age, there is no difference between them. BMI of AHI > 30 group is larger that of AHI < 30, but there is no difference. SNB was lower and UAL was higher in the severe apnea group, but the differences were not significant. There were no significant differences between the groups ( Table 2) .
2) Comparison of the groups with and without tonsillar hypertrophy Age and BMI are higher in no-hypertrophy group without difference. PAS and PAS × UAL were significantly lower in the non-hypertrophy group, p values were 0.011 and 0.009 respectively (Table 3) .
3) Non-hypertrophy group analysis Tonsillar hypertrophy patients were excluded, and only the remaining18 patients without hypertrophy were analyzed. The patients were divided into two groups based on the AHI score (<30 and ≥30).
Age is same in both group. BMI is higher in AHI > 30 group, but there is no difference. SNB was significantly lower in the severe apnea group, and PAS and PAS × UAL were lower and MPH and UAL were higher in the severe apnea group, but the differences were not significant ( Table 4 ).
Discussion
OSAS is a sleep disorder causing excessive daytime sleepiness due to fragmentation of sleep and a chronic shortage of sleep. Napping and carelessness resulting from OSAS increases the risk of accidents. Because of the seriousness of such potential accidents, railroad companies and public transportation facilities try to prevent those caused by OSAS.
In our company, OSAS screening is performed. As part of examinations for OSAS, cephalometric analyses are often used and reported [5] - [9] . However, the efficacy of cephalometric analysis is unclear. Pracharktam et al. [5] , Kim et al. [6] , and Sonsuwan et al. [7] showed a relationship between MPH and the AHI. Furthermore, Susarla et al. [7] , Sonsuwan et al. [8] , and de Berry-Borowiecki et al. [9] emphasized the importance of PAS.
In our overall analysis (Table 1) , there is no influencing factor for severity of OSAS. We suspected that tonsil state could affect cephalometric analysis. Comparison between hypertrophy of palatal tonsil group and nonhypertrophic group was performed. This means that subjects with tonsillar hypertrophy had severe obstruction, even though they had a relatively large pharyngeal space on cephalometric analysis. Thus, evaluation of tonsillar condition is worthwhile, since tonsillectomy may offer a cure for OSAS.
In next step, in non-hypertrophy group, influencing factor were analyzed ( Table 4) . In the study, PAS was lower and MPH was higher in the severe OSAS group, however the differences were not significant. Only SNB was significantly lower in severe OSAS group.
This phenomenon is clear and reasonable, since retrognathia causes a small pharyngeal space. Although in this study we evaluated only small cases, our study could serve for future studies.
In the present study, after exclusion of subjects with tonsillar hypertrophy, cephalometric analysis became more effective. With careful evaluation of oropharyngeal findings, cephalometric analysis could be an important tool for evaluating OSAS severity.
Conclusion
Patients with tonsillar hypertrophy had severe obstruction, but they had a relatively larger pharyngeal space on cephalometric analysis. After exclusion of the tonsillar hypertrophy group, cephalometric analysis could be more effective for analyzing OSAS severity.
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